knowledge of crop N need may be used by producers to guide future fertilizer-N management thereby improving
the N available to the corn (Zea mays L.) crop during the latter part of the season. This study was conducted to determine how stalk nitrate
To be a useful crop management tool, methods for test results and interpretations are affected by sample composition.
collecting and analyzing samples must be straightforStalks were collected from three field sites and separated into phytomward and reasonably flexible so producers and consulers (node plus internode above), which were subdivided into three tants can adapt to field conditions as they gather samor five segments after length was measured. Nitrate-N concentration ples. It is unrealistic to assume that samples will always of phytomers decreased linearly from the soil to the ear. Within a be exactly 20-cm long and can always be collected bephytomer, segments also decreased acropetally (from base to apex). were available to the crop (Binford et al., 1992) . Other re- (Wilhelm et al., 2000) .
kg Ϫ1 ), excessive levels of N were available to the crop Corn stalks were collected from two experiments including (Varvel et al., 1997 All stalks collected for this study had at least four indicated by the nonsignificant phytomer ϫ segment soil and ear. For simplicity and ease of data analysis and interaction (P Ͼ F ϭ 0.48, Table 1) . presentation, only data from stalks with five phytomers were included in the data presented.
Irrigated and Dryland Experiments
All first-order sources of variation, except hybrid, significantly affected the NO 3 -N concentration in the More than 50% of the 480 plants sampled from the corn stalk from the soil surface to the ear node under irrigated experiment had five phytomers between the irrigated conditions (Table 2) . Although several interacsoil and ear. At the dryland experiment nearly 75% of the 300 plants sampled had five phytomers between the tions involving hybrid were significant sources of varia- tance, as indicated by comparatively lesser F values, in tion, all were caused by slight differences in slope of determining NO 3 -N concentration of the corn stalk than the linear association between factors and not the direcother management practices. tion of the relationship (data not shown). Therefore, to
In both the irrigated and dryland experiments, stalk simplify presentation of data, means over hybrids are NO 3 -N concentration increased linearly as applied N reported in Fig. 1 . Of the third-, fourth-, and fifth-order increased (P Ͻ 0.001). Consistent with the observation interactions, only crop sequence ϫ N rate ϫ phytomer, in the 20-stalk experiment, stalk NO 3 -N concentration crop sequence ϫ phytomer ϫ segment, hybrid ϫ N decreased linearly for both phytomers (P Ͻ 0.001) and rate ϫ phytomer, and N rate ϫ phytomer ϫ segment segments (P Ͻ 0.001) as their position neared the ear. were significant sources of variation.
Comparing results between the irrigated and dryland In the dryland experiment all sources of variation experiment, it is apparent that more N was available to were significant except crop sequence, crop sequence ϫ plants late in the season in the irrigated experiment N rate ϫ segment, and the crop sequence ϫ phytomer ϫ (Fig. 1 ) than the dryland experiment (Fig. 2) . Mean segment interaction (Table 3) . Generally, sources of variation involving crop sequence were of less imporstalk nitrate concentration was 1729 mg NO 3 -N kg Ϫ1 in Table 3 . Sources of variation, degrees of freedom, F value, and probability of a greater F for stalk NO 3 -N concentration determined on corn grown near Mead, NE (dryland experiment). illogical since more N would be taken up by the greater † 10 to 30 cm is 5 cm nearer the soil than the segment specified for the production of both stover and grain under irrigation. In end-of-season stalk nitrate test (15-35 cm; Binford et al., 1990) ; 20 to addition, the greater yield with irrigation would also 40 cm is 5 cm farther from the soil than specified.
result in greater N removal in the grain. Fertilizer application rates differed slightly between the irrigated and reasons (Wilhelm et al., 2001) , we have found collecting dryland experiments. Nitrogen fertilizer was applied to samples composed of one phytomer from the base of both corn and soybean in the irrigated experiment, but the stalk more convenient than following the procedures only to the corn in the dryland experiment. As a result, outlined by Binford et al. (1990) . The reasons include during a 2-yr period (one cycle of the corn-soybean our concern about relative tissue component of the samrotation) the greatest N-rate treatment with continuous ple and ease of sample handling. Frequently we collect corn in the dryland experiment received 360 kg N ha Ϫ1 stalk nitrate samples in conjunction with plant dry matwhile the plots used for the rotated corn received only ter sampling. Since the plants are already cut at the soil 180 kg N ha Ϫ1 . In the greatest N-rate treatment in the surface, collecting the basal phytomer is easier than irrigated experiment, both the continuous corn and rocutting the stalk at 15 and 35 cm above the soil line and tated corn treatments received 400 kg N ha Ϫ1 . The differrisking misplacing or mislabeling the detached 0-to ence in procedures likely explains part of the apparent 15-cm segment of stalk. dichotomy in results seen in Fig. 1 and 2 . Soil was generData from the 20-stalk experiment refute our assumpally much drier during grain filling for the dryland expertion that node and internode tissue would have different iment than the irrigated experiment. With drier soil, NO 3 -N concentrations (Table 1) . Node tissue averaged rate of mineralization would be reduced and less N 2214 mg NO 3 -N kg Ϫ1 and internode tissue 2031 mg was available to the dryland crop (Varvel and Peterson, NO 3 -N kg Ϫ1 (Table 1) . The average internode NO 3 -N 1990). Lastly, irrigation water used for the irrigated concentration exaggerates the true difference because study contained 30 mg NO 3 -N L
Ϫ1
, resulting in about of the linear decline in NO 3 -N concentration along the 60 kg N ha Ϫ1 applied to the experiment over the course internode. Mean NO 3 -N concentration of the node was of the irrigation season, in increments of about 10 kg 2214 mg NO 3 -N kg Ϫ1 ; mean concentration for the seg-N ha Ϫ1 from stages V10 through R5 (Ritchie et al., 1986) . ment of internode immediately above the node was Phytomers and segments, and their interactions with 2228 mg NO 3 -N kg Ϫ1 (Table 1) . other classification factors, were significant sources of Using data on NO 3 -N concentration and length of variation for NO 3 -N concentration under both dryland each stalk segment from the irrigated and dryland experand irrigated conditions (Tables 2 and 3) . Both fractions iments, we calculated the NO 3 -N concentration for of the stalk showed a strong linear (P Ͻ 0.001) acropetal three 20-cm segments of each sample; 10 to 30, 15 to (from base to apex) decline in NO 3 -N concentration.
35, and 20 to 40 cm above the soil. These represent a In all cases, interactions were related to the magnitude sample collected 5 cm lower on the stalk than specified of the linear decline in NO 3 -N concentration, not the by Binford et al. (1990) , as specified in the stalk nitrate sign or existence of the relationship. test, and 5 cm above the specified segment, respectively. The primary purposes of this work was to determine
The two samples offset 5 cm from the specified segment the impact of collecting and analyzing stalk segments represent a sampling difference of 25% of the 20-cm for NO 3 -N that differed from the one defined in the specified segment length. In both experiments shifting original report on the stalk nitrate test by Binford et al. the sampled segment of stalk significantly affected the (1990). As discussed above, stalks were divided into reported NO 3 -N concentration (Table 4 ). The NO 3 -N phytomers and segments within phytomers before analconcentration estimated from the segments collected ysis for NO 3 -N. In addition, the length of each phytomer 5 cm nearer the soil or 5 cm nearer the ear than specified was recorded before it was divided. These data allow in the test, resulted in only a 10 to 15% difference in calculation of the NO 3 -N concentration of a 20-cm por-NO 3 -N concentration. Although this error would change tion of stalk normally used for the stalk nitrate test, the assessment of N availability for samples with NO 3 -N based on weighted means, and comparison of that conconcentrations near the critical values, 700 and 2000 mg centration to other values. The first concern is the im-NO 3 -N kg Ϫ1 , the general outcome of the test would not pact of tissue (node and internode tissue) composition be changed because of the extremely wide range of of the sample. The second concern is the impact of NO 3 -N concentrations observed in field samples and error in sample collection. That is, what is the impact the somewhat nonspecific nature of the critical value of collecting a sample lower or higher on the stalk than 1992) . Plus or minus 15% of the critical values, 640 to 860 and 1700 to 2300 mg NO 3 -N specified by Binford et al. (1990) . Lastly, for several to define critcal values too precisely. As long as samples are collected from section of stalk similar to that described by Binford et al. (1990 Binford et al. ( , 1992 , critical values near kg Ϫ1 , respectively, could be used as critical ranges to those they suggested serve to differentiate conditions of define N-limiting, N-adequate, and N-excessive condiyield-limiting, adequate, and excessive N availability. tions. Since the test is more qualitative than quantitative, Truly yield-limiting conditions usually result in stalk these relatively small differences will not greatly affect NO 3 -N concontrations that are far less than 700 mg recommendations. This is especially true when one rec-NO 3 -N kg
. Likewise, excessive N applications result in ognizes that NO 3 -N concentrations can range more than stalk NO 3 -N concentrations much greater than 2000 mg three orders of magnitude for reasonable production NO 3 -N kg
. practices in use for corn production in the Corn Belt.
Lastly, we assessed the impact of sampling one phy
